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OVERVIEW:

This project involved analyses of atmospheric constituent data fields, carbon monoxide in the upper

stratospheric/lower mesosphere, and water vapor in the upper troposphere. The observational data

analyses were compared with atmospheric models.



RESULTS:

Thisgrantprovidedpartialsupportfor twopaperspublishedin refereedscientificjournals.Thefirst
paperdealswithanalysesof carbonmonoxidein theautumn/winterAntarcticpolarmesosphereand
middlestratosphere.Thiswasthefirst detailedanalysisandmodelcomparisonfor UARSISAMS
carbonmonoxideobservations.

Thesecondaspectof thegrantdealtwithuppertropospherewatervapormeasurements.A particular
focuswastoexplainthesometimes-observedpoorcorrelationbetweenpotentialvorticityandUARS
MLS upper-troposphericwater vaporobservations.The secondpaperbelow demonstratedthat
parcel trajectoriescanundergopotentialvorticity destruction,from severalphysicalmechanisms,
while conservingconstituentssuchaswatervaporandozone.

Studentssupportedin partby the grantincludeMark Olsen(Ph.D.,2000)andMelissaGoering
(M.S.,2001).
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Abstract

Antarctic polar descent and planetary wave activity in the upper stratosphere and

lower mesosphere are observed in ISAMS CO data from April to July 1992.

CO-derived mean April-to-May upper stratosphere descent rates of 15 K/day at 60

S and 20 K/day at 80 S are compared with descent rates from diabatic trajectory

analyses. At 60 S there is excellent agreement, while at 80 S the trajectory-derived

descent is significantly larger in early April. Zonal wavenumber 1 enhancement of

CO is observed or, 9 and 28 May, coincident with enhanced wave 1 in UKMO

geopotential height The 9 May event extends from 38 to 68 km and shows westward

phase tilt with height, while the 28 May event extends from 40 to 50 km and shows

virtually no phase tilt with height.
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Abstract

We presentevidencefor stratosphericmasstransportinto, andremainingin, the
tropospherein an intensemidlatitudecyclone.Mesoscaleforecastmodelanalysis
fields fromtheMesoscaleAnalysisandPredictionSystem(MAPS) werecompared
with total ozoneobservationsfrom theTotal OzoneMeasurementSpectrometer
(TOMS).Coupledwith parcelback-trajectorycalculations,theanalysessuggesttwo
mechanismscontributedto themassexchange:(1)A regionof dynamically-induced
exchangeoccurred on the cyclone'ssouthernedge. Parcelsoriginally in the
stratospherecrossedthejet coreandexperienceddilution by turbulentmixing with
troposphericair. (21)Diabaticeffectsreducedparcelpotential vorticity (PV) for
trajectoriestraversingprecipitationregions,resultingina" PV-hole"signaturein the
cyclonecenter.Air with lower-stratosphericvaluesof ozoneandwatervapor was left

in the troposphere. "]'he strength of the latter process may be atypical. These results,

combined with other research, suggest that precipitation-induced diabatic effects can

significantly modi_,, (either decreasing or increasing) parcel potential vorticity,

depending on parcel trajectory configuration with respect to jet core and maximum

heating regions. In addition, these results underscore the importance of using not only

PV but also chemical constituents for diagnoses of stratosphere-troposphere

exchange (STE).
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